Introduction
In this paper we describe a digital data set of watersheds and river networks for the entirety of Earth's land surfaces. These data can be used in a broad range of Earth system science studies, including investigations of regional and global hydrology, climate, biogeochemistry, and ecosystem dynamics. The data are presented in gridded format at three different resolutions (5', 1/2 ø, and 1 ø) and were derived primarily from the National Geophysical Data Center TerrainBase Global DTM, version 1.0 [Row et al., 1995] , and the CIA World Data Bank II [Gorney and Carter, 1987] . The following data layers are included at each resolution: flow direction, flow accumulation, a delineation of the global river network, a discretization of the land surface into 55 watersheds, a discretization of internally draining basins, a coarser discretization of Earth's surface into 19 drainage regions (aggregated watersheds) and associated ocean basins into which they drain, the same 19 drainage regions excluding ocean basins, lake delineations, and a land/ sea mask. Additionally, annual average runoff data is provided for all of the 55 basins. The data set presented is similar to that recently described at 1 ø resolution by Oki and Sud [1998] but extends that work by providing higher resolution 1/2 ø and 5' components as well as additional information including streamflow and lake data. In addition to enabling higher resolution modeling studies, the 1/2 ø and 5' data will also enhance lower resolution studies, since they will provide detailed inforCopyright 1999 by the American Geophysical Union. The flow direction data layer describes the paths followed by the global river network system by delineating the directions that water will flow across the entirety of the land. This data layer is required to implement cell-to-cell river-routing algo- Coe, 1997] . Flow accumulation describes the number of upgradient grid cells, or those cells that drain through a particular grid cell (determined from the flow direction data layer), and therefore the likelihood of a river existing at that cell. By specifying a threshold value of flow accumulation, river networks can be digitally extracted from the digital elevation model (DEM). In this work specific river courses were derived from the flow direction and flow accumulation information using the threshold values described below. While the primary data layer required for river transport implementation is flow direction, knowledge of the location of major river reaches may aid in the development of variable velocity transport models which utilize differing intraand extra-channel flow equations.
Earth's large river basins (those with areas of 5000 5' grid cells (about 500,000 km 2 near the equator) or more) were then delineated from the river and flow direction data. [Bonan, 1995] . Annual average streamflow observations are provided for these large watersheds as well as for several additional river basins included in the study of climate model generated runoff by Russell and Miller [1990] .
Sources and Potential Uses
The majority of the data presented here have been derived from the TerrainBase [Row et al., 1995] This data set will enable a wide range of river transport modeling activities in support of regional and global hydrological, terrestrial ecosystem, and climate modeling studies. These include the representation of river flow in climate system models (CSMs) and global climate models (GCMs) and the transport of water, sediment, and nutrients in terrestrial ecosystem models.
Data Analysis Methods
The following steps are required to delineate river networks and watersheds: (1) determination of a land/sea mask, (2) geolocation of rivers, (3) filling of artificial depressions, (4) calculation of flow directions, (5) calculation of flow accumulations, (6) selection and delineation of rivers, and (7) 3. Filling of artificial depressions. Artificial depressions are often created when digital elevation data is gridded. In order to ensure that runoff can make its way to the proper water body or waterway without draining into these artificial "pits," they must be filled. The method used to fill these pits was an iterative process that identified all enclosed depressions and increased the elevation of all cells within each depression until they matched the lowest adjacent outlet so that water could flow continuously and uninterrupted across the land surface. In addition to these false depressions, the large areas of Asia, Australia, and Africa that are truly internally draining (or without a river outlet to the oceans) were also identified and excluded from the infilling process. nomena. Most importantly, it will provide a template for the implementation of river transport schemes in regional and global climate and hydrological models. The inclusion of river transport in climate models effectively closes the global water cycle and will provide a framework for understanding the role of rivers and the outflow of freshwater from the continents on Earth's climate system, as well as potential climate change impacts on the redistribution of the world's freshwater resources. Including river transport in large-scale climate and hydrologic models will also provide for the implementation of sediment and nutrient transport algorithms, allowing for more realistic simulation of erosion and the delivery of biogeochemical materials to the ocean. Finally, the watershed and river network data, combined with the streamflow data, provide a means for validating climate and hydrologic model simulations of terrestrial hydrology.
Summary
A data set of continental watersheds and river networks has been presented at three resolutions (5', 1/2 ø, and 1ø). At each resolution the data set contains a layer of flow direction, flow accumulation, a delineation of the global river network, a discretization of the land surface into 55 watersheds, a discretization of internally draining basins, a coarser discretization of Earth's surface into 19 drainage regions (aggregated watersheds) and associated ocean basins into which they drain, the same 19 drainage regions excluding ocean basins, lake delineations, and a land/sea mask. A separate file of average annual discharge data for the 55 watersheds is also provided. The data will be useful for implementing river transport and more realistic hydrology in climate models, validating climate model output, as well as in a range of modeling and analysis studies in Earth system science.
